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GRADUATE INSTITUTE OF TECHNOLOGk 
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1201 MCALMONT 
LITTLE ROCK, ARKANSAS 

October 1, 1964 

D r .  T, L. K. Smu11, Director 
Office of Research Grants and Contracts 
National Aeronautics and Space Administration 
C c d e  SC 
Washington 25, D. C. 

Dear D r  . Smu11: 

This le t ter  cons t i tu tes  t he  semi-annual s t a tus  report  on the research 
work supported by NASA under Research Grant NsG 260-62 t o  the University of 
Arkansas en t i t l ed  "Techniques of Radio Frequency Mass Spectrometry", through 
October 1, 1964, 

ION ATTITUDE STUDY - - 
The ion a t t i t u d e  study consis ts  of two regions of invest igat ion.  F i r s t ,  

t h e  e f f ec t  on t h e  mass spectrum of ions created at energies corresponding t o  
t h e  apparent ve loc i t ies  of ions entering an a rb i t ing  ion spec t rme te r  is  of 
i n t e re s t .  Secondly, it is  necessary t o  k.nw t h e  e f f ec t  on t h e  mass spectrum 
of ions entering an orbi t ing  ion spectrometer a t  various angles or a t t i t udes .  
These two s tudies  necess i ta te  a large, highly uniform, near ly  p a r a l l e l  beam of 
ions whose energy sf formation can readi ly  be changed. In  addi t ion t h i s  beam 
must impinge upon t h e  guard r ing  of the  ion spectrometer at knwn incident 
angles. The ion beam must be s ign i f icant ly  larger  than t h e  m a t h  of t h e  ion 
s p e c t r m e t e r  and t h e  densi ty  must be high enough tha t  the s p e c t r w e t e r ' s  
de tec t ian  a b i l i t y  is not limited as the  entrance angle of t h e  ion appraches  
90 degrees, 

The vacuum chamber, which also serves as the  means of ion a t t i t u d e  var i -  

The dua l  Teflon o-ring s e a l  w i t h  d i f f e r e n t i a l  pumping per- 
a t ion ,  has been completed. This chamber has functioned properly s ince t h e  
i n i t i a l  pumpdcrwn. 
m i t s  maximum ease of ro ta t ion  of the  ion gun with p rac t i ca l ly  no change i n  
pressure. 
a t t i t u d e  chamber approaches 2.0 x 
t h e  pressure is  maintained a t  (2.05 2 0.05) x 

With an act ivated z e d i t e  t r a p  t h e  ul t imate  pressure i n  t he  
Torr. During ro t a t ion  of t h e  chamber 

Torr. 

The ion generation r e g i m  must p r d u c e  an acceptably uniform ion beam 
from t h e  electron source. The design of t h e  electron source evolved in to  a 
s p i r a l  rhenium filament which has been f la t tened  i n  a planeperpendicular t o  
t he  system ax i s  t o  insure mechanical r i g i d i t y  and t o  produce increased elec- 
t r o n s  with less pmer .  This electron s m r c e  i s  s u f f i c i e n t l y  la rge  tha t ,  by 
operating i n  t h e  space charged limited condition, t he  ionizing electron beam 
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is  q u i t e  uniform and ra ther  dense. . .  e -  I 
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The cross-sectional densi ty  of t h e  ion beam s o  generated from t h e  above 
electron beam is more uniform than t h e  electron beam due t o  t h e  mixing e f f ec t  
of the  ionizat ion region. A three  element t h i ck  e l ec t ros t a t i c  lens follms 
t h e  ionizat ion region. This lens collimates t h e  ions s o  t h a t  t h e  cross-sec- 
t i o n a l  densi ty  of t h e  ion beam i s  r e l a t ive ly  constant i n  t h e  region of entrance 
t o  t h e  spectrometer. 

The e n t i r e  ion generation and collimation regions are under f ina l  checkmt 
prior t o  asemblage c \ f  t h e  eLtirc system i n  t h e  test chamber. The icn 
spectrometer checkout has been completed. Data w i l l  be taken f o r  ions entering 
t h e  ion spec t rme te r  a t  angles varying from 0 t o  90 degrees with t h e  entrance 
energy of t h e  ions varying from 0 t o  30 ev. 

I O N  FOCUSING STUDY - - 
The two pul l ing out gr ids  and t h e  firs% D.C. Dr scan gr id  of t h e  RF mass 

spectrometer determine t h e  path of a charged p a r t i c l e  i n  a manner similar t o  
t h a t  of a t h r e e  element e l e c t r m t a t i c  t h i n  lens. Since t h e  e f f ec t ive  aperture 
diameter is much greater  than t h e  gr id  separation, t h e  focusing f i e l d s  a r e  
weaker than with standard t h i n  lenses. 

A study of t h e  e f f ec t  upon t h e  i a n  current passage of d i f f e ren t  lens con- 
f igura t ions  within t h e  t h i n  lens domain has been car r ied  out. The i n i t i a l  
s tud ies  were performed independent of an ion spectrometer. The lens system 
consis t ing of th ree  standard mesh gr ids  spaced one-eighth inch apart produced 
t h e  l a rges t  increase i n  t o t a l  ion current and maintained t h e  most uniform beam. 
Law-mass discrimination appears t o  be s l i g h t l y  less f o r  t h i s  lens configuration 
as well. The optimum pul l ing out grid voltage combination is: -50 vol t s  on t h e  
1st pul l ing  out grid; -120 vo l t s  on t h e  2nd pul l ing out g r id .  The ion current 
delivered by t h i s  voltage combination i s  about twice t h a t  delivered by the -10, 
- 120 v o l t  c onf igurat  i on . 

The following s tudies  are being performed on t h e  ion spectrometer: 

1. Effect of lens configuration on t o t a l  s e n s i t i v i t y  and efficiency. 
2. Effect of lens configuration 3n spectrometer resolution. 
3 .  Effect of lens configuration on peak posi t ion (on scan po ten t i a l  axis). 
4. Effect of lens conf igura t im 3n mass discrimination. 

COLD ELECTRON MASS SPECTROMETRIC I O N  SOURCE - - - 
The resis tance s t r i p  e lectron mult ipl ier ,  act ivated by electrons from a 

photocathode, has been used as an electron source f o r  an ionizat ion gauge and 
a Bennett type RF mass spectrometer. 

Spectra for a i r ,  using t h i s  cold source, were similar t o  those Dbtained 
with a thermionic emitter. However, with t h e  cold source there  w a s  l i t t l e  or 
no ge t t e r ing  of t he  a i r  sample by the  source; no serims outgassing effects ;  
no contr ibut ion t o  t h e  m a s s  28 peak caused by carbon monoxide prsduced at  t h e  
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source; no thermal fragmentation af t h e  sample molecu I eB; t31o temperature var i -  
a t ions i n  t h e  source region; and n3 deposi ts  due t o  evaporated m e t a l ,  metal 
oxides, or react ion p r d u c t s .  

I n i t i a l l y ,  electrons exi t ing fr3m t h e  mult ipl ier  were deflected by t h e  
magnetic f i e l d  of t h e  mul t ip l ie r  and did n d  enter t h e  ionizat ion region. A 
deflect ion p l a t e  was ins t a l l ed  at t h e  e x i t  end of t h e  mul t ip l ie r ,  correct ing 
t h i s  s i tua t ion .  Present s tudies  invalve using an a f f se t  ionizat ion region, 
eliminating t h e  use of t h e  def lect ion p la te .  

The i n i t i a l  gain of t he  mult ipl ier  decreased expanentially reaching a 
plateau i n  a f e w  hours. The output current  at t h i s  plateau was s t i l l  su f f i c -  
i en t  f o r  ionizat ion purposes. Feasible emission r e g u l a t i m  techniques include 
va r i a t i an  of t h e  dynade potent ia l ,  var ia t ion  of u l t r av io l e t  rad ia t ion  input t o  
t h e  photocathde,  and var ia t ion  af p s t e n t i a l  on a gr id  between phataca thde  
and t h e  mult ipl ier  input. The mult ipl ier  l i fe t ime was determined t o  be re la ted  
t 3  t h e  atmosphere i n  which it w a s  aperated. Hence, t h e  lifetime is appreciably 
increased when an o i l  f r e e  system is  used. Future invest igat ions w i l l  include 
optimization of t h e  i o n i z a t i m  region, improvement of emission current regula- 
t i on ,  and praduct im 3f a pratotype mul t ip l ie r  as a mass spec t rme te r  ion 
source. 

I O N  GATHERING STUDY - 
The thorough study of t h e  large diameter lens associated with t h e  focus- 

ing s tudies  as w e l l  as s tudies  of lens systems on p r e v i a x  NASA grants  has 
presented a bas is  f o r  t h e  col lect ion af ions from a much larger  area than is 
possible i n  present ion spec t rmeters .  The technique, which might a l s o  be 
ca l led  funneling, pramises t h e  a b i l i t y  t o  sample larger  numbers of ambient 
ions without g rea t ly  increasing the  dimensions of t h e  present spectrometers. 

The hardware has been completed f o r  t h i s  study with t h e  exception of 
A new s m r c e  

This new source did not pr3duce an insulator  of su f f i c i en t  mechan- 

insu la tors  which are not available from t h e  regular source. 
has recent ly  been found and t h e  insulators  are i n  t h e  process of being con- 
s t ructed.  
i c a l  s t rength t a  be machined. Therefore, other sources are being studied. 

Sincerely yours, 

M. K. Testerman 
Pr inc ipa l  Invest igator  


